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The Invention concerns an apparatus and 
method for remote-controlling a power supply 
unit (3) and/or an auxfiajy unit (55, 57) of a 
welding machine by means of radio-frequency 
signal a The apparatus comprises a welding 
torch (1), a welding cable (2) connected to the 
welding torch (1), a welding power supply unit 
(3) connected to the other end of said welding 
cable (2), a radio-frequency transmitter (9) 
situated close to said welding torch (1) and/or 
said auxiiary unit (55). and a radio-frequency 
receiver (4) connected to said welding power 
supply unit (3) and/or said auxiliary unit (55, 57). 
According to the invention, both the radio- 
frequency transmitter (9) and receiver (8) are 
coupled capaeffivefy or inductively onto the 
welding cable (2) for the purpose of transmtt- 
bng a radio-frequency remote-control signal 
over the welding cable (2). 




LL 



Q. 
Ill 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 575 082 A2 



2 



The present invention is related to an apparatus 
according to the preamble of claim 1 for controlling 
the power supply unit and/or auxiliary units of a weld- 
ing machine with the help of radio-frequency signals. 

The invention also concerns a method for control- 5 
ling the power supply unit and/or auxliary units of a 
welding machine with the help of radio-frequency sig- 
nals. 

In prior-art technology, electrical signals in the 
audio-frequency range are employed for transmission 10 
of control signals along the welding cables. Such an 
information transfer is not possible during the welding 
process. 

Radio-frequency signals are also conventionally 
employed for remote control of welding equipment 15 
Here, the control signal is transmitted wirelessly from 
the welding site to the welding equipment A problem 
of such an apparatus is created by the mutual radio- 
frequency interference between multiple pieces of 
equipment Furthermore, permits must be applied for 20 
the use of higher-powered transmitters. The allow- 
able frequency ranges and maximum transmit power 
levels vary by country and continent This causes 
problems for the equipment manufacturing compa- 
nies, since a remote-control apparatus intended for 25 
use in a certain country must be separately designed 
to fulfill the regulations issued in that country. 

It is an object of the present invention to over- 
come the drawbacks of the above-described technol- 
ogy and to achieve an entirely novel apparatus and 30 
method for controlling a welding machine with the 
help of radio-frequency signals. 

The invention Is based on coupling a radio-fre- 
quency burst signal onto the welding cable capact- 
tively or inductively. 35 

More specif ically, the apparatus according to the 
invention is characterized by what is stated in the 
characterizing part of claim 1. 

Furthermore, the method according to the inven- 
tion is characterized by what is stated in the charac- 40 
terizing part of claim 6. 

The invention provides significant benefits. 
For instance, when a radio-frequency signal is 
coupled onto a welding cable, the RF signal level can 
be kept so low that no danger exists from exceeding 45 
internationally established limits of RF interference 
radiation. Nevertheless, the control of the welding 
machine is possible also during the welding process. 

In the following the invention will be examined in 
greater detail with reference to exemplifying em bod h 50 
merits 3 lustra bed in the annexed drawing in which 

Figure 1 shows a block diagram of an apparatus 
according to the invention. 

Figure 2 shows in greater detail the receiver block 
of the apparatus illustrated in Rg. 1. 55 

Figure 3 shows in greater detail the transmitter 
block of the apparatus illustrated in Fig. 1. 

Figure 4 shows in greater detai the transmitter 



embodiment Ilustrated in Fig. 3. 

Figure 5 shows in greater detaB the receiver block 
ilustrated in Rg. 2. 

Figure 6 shows a block diagram of an alternative 
embodiment of the apparatus according to the inven- 
tion. 

Figure 7 shows diagrarnmabcalry a capatitrve 
embodiment according to the invention. 

Figure 8 shows in greater detail the coupling of 
the embodiment ilustrated in Rg. 7 to the welding 
cable. 

Figure 9 shows a capacrtrvely coupled receiver 
circuit according to the invention. 

With reference to Fig. 1, the basic equipment of 
the welding machine comprises a welding torch 1, a 
power supply unit 3 and a welding cable 2 connecting 
these elements to each other. According to the inven- 
tion, the remote control of the power supply unit 3 is 
implemented by means of a transmitter una 9 operat- 
ed at a certain radio frequency and, tuned to the same 
frequency, a receiver unit 8 which is connected to con- 
trol the power supply unit 3. A set-value signal trans- 
mitter 6 is placed to the vicinfry of the welding torch, 
thus permitting remote control of the welding power 
supply unit 3 immediately from the welding site. The 
set-value signal transmitter 6 is gatvanicaily connect- 
ed to a high-frequency current transformer 7 that per- 
forms the coupling of the RF signal onto the welding 
cable 2. Correspondingly, a high-frequency current 
transformer 5 gafvanically connected to a receiver 
unit 4 is employed for signal reception and routing via 
the receiver to the power supply unit 3. As the RF sig- 
nal is transmitted along the welding cable 2, very low- 
level transmitter power can be used. 

With reference to Rg. 2, the signal is received by 
means of a coil 21 wound about a core of ferromag- 
netic material, said coi serving for coupling the signal 
to an FM receiver block 25. The receiver circuit em- 
ployed can be any comrnerciaBy available integrated 
circuit such as MC 3359. A capacitor 23 connected 
across the conductors from the col 21 tunes the LC 
circuit to the operating frequency of the apparatus. 
The receiver 25 is further connected to a micropro- 
cessor 27 which converts the received signal into a 
form suited for controlling the power supply unit 3. 

With reference to Fig. 3, the transmitter unft com- 
prises a microprocessor 37 performing the control of 
pulse width, pulse period and other variables for a ra- 
dio-frequency block 35. From the RF block the signal 
is transmitted along twin conductors to a coil 31 
wound about a core of ferromagnetic material, said 
cofl serving for coupling the signal to the welding 
cable 2. A capacitor 33 connected over the signal 
transmission line has the same function as the capac- 
itor 23 of Fig. 2. 

With reference to Fig. 4, the transmitter unit is fur- 
ther dividable into a frequency-shift keying block 49, 
a crystal oscillator 47 controlled by said FSK block 49 
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and an amplifier stage 45 driven by said crystal osd- 
lator. From the amplifier stage the signal is transmft- 
ted along a transmission line 43 to a cod 41 formed 
by a ferromagnetic C- core on which the conductor of 
the transmission line 43 is wound. The C-cotb ferrite 
piece performs inductive coupling of the signal onto 
a welding cable 2. A microprocessor 37 controls a 
transistor TR1 of the FSK block 49 so as to make the 
transistor perform the modulation of the frequency of 
the crystal 42. The crystal oscHator 47 is a conven- 
tional oscllator circuit designed about a transistor 
TR2. An amptfier stage 45 is formed by a transistor 
TR3 with additional components. The amplifier circuit 
about the transistor TR3 incorporates a current trans- 
former tuned to the operating frequency of the appa- 
ratus with the help of a capacitor CI. The capacitors 
23 and 33 of Figs. 2 and 3, respectively, have the 
same function as this tuning capacitor C1. Due to the 
high Interference field strengths encountered at a 
welding site, the minimum operating frequency of the 
transmitter must be at least a few megahertz. To keep 
the apparatus technology simple, the operating fre- 
quency is preferably below 1 00 MHz. 

With reference to Fig. 5, the co8 51 shown in Fig. 
2 is comprised of a C-core formed by one half of a fer- 
rite ring about which the conductor of the receiver in- 
put line is wound. The receiver is tuned to the operat- 
ing frequency with the help of a capacitor 23 which is 
resonant with the inductance of the coil 51. Function- 
ally the receiver operates so that the signal from the 
welding cable is coupled via the coil 51 acting as a 
current transformer to an integrated receiver circuit 
25 which performs the amplification and detection of 
the signal. Corresponding to the modulation input sig- 
nal stream of the transmitter 9, the receiver IC 25 de- 
livers a bit stream which is interpreted by the micro- 
processor 27 of the receiver unit as follows: 

1. Syncronfczation to a start character 

2. Address detection and decoding 

3. For valid address, reception of data 

4. Detection of stop character and processing of 
received data into a for suitable format the control 
of the power supply unit 

Exemplifying numerical values for a practical sig- 
nal could be as follows: 

Each message is comprised of an equipment- 
specific address and the actual control information, 
complemented with start and stop characters. The 
length of the message is 3 ms. The interval between 
the messages is typicafiy approx 200 ms. The pause 
interval between the messages can be equipment- 
specifically randomized, whereby any unintentional 
synchronization between two message streams is 
avoided. The transmitter center frequency can be 40 
MHz, for instance. 

The above-described embodiment makes it pos- 
sible to construct a wireless remote control suited for 
use both during and off welding. 



As an alternative to a C-core formed by a half fer- 
rite ring, other current transformer constructs are fea- 
sible such as a split-core structure convemionairy ertv 
5 ployed in damp-type current meters, with particular 
advantage at the transmitter end where the welding 
equipment must be frequently moved from place to 
place. 

With reference to Fig. 6, the system according to 
10 the invention can be complemented in conjunction 
with MIG and TIG welding equipment to further incor- 
porate auxiliary units 55 and 57, of which the auxiliary 
unit 57 receives control messages from a set-value 
transmitter 6 via a receiver 8. Correspondingly, the 
15 auxiliary unit 55 transfers the messages to a power 
supply unit 3. Transmission of messages takes place 
in the same manner as described above. A welding 
torch 53 replaces here the welding rod holder 1 shown 
In Fig. 1. 

20 In MIG welding the auxiliary unit 55 can be a wire 

feed unit, whereby the auxiliary unit 57 is an inter- 
mediate feed unit The intermediate feed unit 57 is not 
necessary in all applications, so ft can be understood 
as optional equipment in the present embodiment 

25 In TIG welding the auxiliary unft 55 is a TIG weld- 

ing unit, and the auxiliary unit 57 is unnecessary in a 
TIG application. 

Both TIG and MIG equipment are also available 
as compact equipment in which some of the auxiliary 

30 units are physically integrated with the power supply 
unit 

Welding equipment sets can typically have the 
following control schemes: 

A) Combination of a power supply unit 3 with an 
35 auxBiary unit 55 capable of information transmis- 
sion and a noninteiligent torch 53, whereby the 
power supply unit is controlled from the auxBiary 
unit, and 

B) combination of a power supply unit with a torch 
40 1 capable of Information transmission. 

The above typical alternative combinations are 
not, however, limiting to the embodiments of the in- 
vention. By contrast, the discussed auxiliary units can 
be configured as transmitting or receiving units as 
45 necessary. 

In the context of the present invention, both the 
welding rod holder 1 and the welding torch 53 are 
broadly called as a welding torch. 

With reference to Fig. 7, the transmitter can also 
50 be implemented using capacitive coupling, whereby a 
capacitor 71 shown in the diagrams performs the 
coupling of the signal onto the welding cable. The res- 
onant circuit 70 comprised of the coD L and the capac- 
itor C Is tuned to the operating frequency of the ap- 
55 paratus. The output signal is provided by a power-sta- 
ge transistor 72. 

With reference to Fig. 8, the coupling capacitor 
shown in Fig. 7 is configured by making one electrode 
of the capacitor into the shape of an element 73 which 
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at least partially encloses the welding cable 2, said 
element advantageously being a portion of a cylinder 
envelope. The dielectric of the coupling capacitor is 
provided by the insulating jacket 74 of the welding 5 
cable 2 and the other electrode of the capacftor is 
formed by the conductor 75 of the welding cable 2. 

With reference to Rg. 9, the embodiment of the 
receiver with capacitive coupling is implemented by 
connecting the receiver circuit 92 between the coo- w 
pting capacitor 91 and the resonant circuit 90, the res- 
onant circuit 90 being taken to ground potential at its 
other end. The coupling capacitor 91 is analogous to 
the capacitor embodiments shown in Figs. 7 and 8. 
The resonant circuit 90 is tuned to the operating fro- is 
quertcy of the apparatus. 

The coupling capacitors 71 and 91 are dimen- 
sioned so as to avoid detuning of the resonant circuit 

The resonators 70 and 90 can also be replaced 
by, e.g., ceramic resonators. 20 

The invention is not limiting to the use of inductive 
transmitter/receiver combinations based on current 
transformer coupling simultaneously with transmfc- 
ter/recerver combinations based on capacitive cou- 
pling. 25 

In the context of the present invention, reference 
to radio frequency must understood to deal with fre- 
quencies above 20 kHz. 

30 

Claims 

1. An apparatus for controlling a power supply unit 
(3) and/or an auxiliary unit (55, 57) of a welding 
machine by means of radio-frequency signals, 35 
said apparatus comprising 

- a welding torch (1, 53), 

- a welding cable (2) connected to the weld- 
ing torch (1), 

- a welding power supply unit (3) connected 40 
to the other end of said welding cable (2), 

- a radio-frequency transmitter (9) situated 
close to said welding torch (1) and/or said 
auxiliary unit (55), and 

- a radio-frequency receiver (4) connected to 45 
said welding power supply unit (3) and/or 
said auxiiary unt (55, 57), 

characterized in that 

- both the radio-frequency transmitter (9) 

and receiver (8) are coupled capadtively or 50 
inductively onto the welding cable (2) for 
the purpose of transmitting a radio-frequen- 
cy control signal over the welding cable (2). 



3. An apparatus as def ined in claim 2, character- 
teed in that said current transformer (5, 7) is com- 
posed by a C-core formed b^ 
ring about which the signal-carrying conductor 
(43) is wound. 

4* An apparatus as defined in claim 2, character- 
ized in that said current transformer (5, 7) is 
formed into current clamp having a core of far- 
ro/Terrimagnetic material core about which the 
signal-carrying conductor is wound. 

5. An apparatus as defined in claim 1 , character- 
ized in that said radio-frequency transmitter (9) 
and receiver (8) are coupled capacrbvery by 
means of a cylindrical electrode element (73) 
onto the welding cable (2). 

6. A method for controlling a power supply unit (3) 
and/or an auxiliary unit (55, 57) of a welding ma- 
chine in which method said welding power supply 
unit (3) and/or an auxBiary unit (55, 57) of the 
welding machine are rernote-controfled from the 
vicinity of the welding torch (1) by means of radio- 
frequency signals, characterized in that 

- the radio-frequency remote-control signal 
is coupled onto the welding cable (2) capao- 
itivery or inductively, and 

- 4he remote-control signal is received ca- 
paciuvely or inductively via a receiver (4) at 
the power supply unit (3) and/or auxiliary 
unit (55, 57). 

7. A method as defined in claim 6, characterized in 
that a burst signal is imposed onto said welding 
cable (2). 



2. An apparatus as defined in claim 1, character- 55 
ized in that said radio-frequency transmitter (9) 
and receiver (8) are coupled inductively by means 
of a current transformer (5, 7) onto the welding 
cable (2). 
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($}) Apparatus and method for controlling the power supply unit and/or auxiliary units of a welding 
machine with the help of radio-frequency signals. 



(57) The Invention concerns an apparatus and 
method for remote-controlling a power supply 
unit (3) and/or an auxiliary unit (55, 57) of a 
welding machine by means of radio-frequency 
signals. The apparatus comprises a welding 
torch (1), a welding cable (2) connected to the 
welding torch (1), a welding power supply unit 
(3) connected to the other end of said welding 
cable (2), a radio-frequency transmitter (9) 
situated close to said welding torch (1) and/or 
said auxiliary unit (55), and a radio-frequency 
receiver (4) connected to said welding power 
supply unit (3) and/or said auxiliary unit (55, 57). 
According to the invention, both the radio- 
frequency transmitter (9) and receiver (8) are 
coupled capacitively or inductively onto the 
welding cable (2) for the purpose of transmit- 
ting a radio-frequency remote-control signal 
over the welding cable (2). 
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